INTRODUCTION
Healthcare-associated infections are a signifi cant burden in public health as they are associated with increased morbidity and mortality, prolongation of hospital stay, and compromise of survival of immunosuppressed patients. 1 Thus, compliance with hand hygiene guidelines is necessary since contamination via hands of healthcare providers plays a cardinal role in the transmission of diseases in healthcare settings. 2 This is of major importance, especially for multi-drug resistant pathogens, which are currently one of the biggest challenges in hospital hygiene. 3 
AIM
The aim of this study was to monitor microbial species, focusing on their drug resistance on the hands of medical and nursing personnel, working in four different departments of a tertiary hospital and to explore possible differences between location, profession and gender of the employees.
METHODS

SAMPLE COLLECTION
The study was conducted in a tertiary university hospital of NE Greece for a period of 12 months (from March 2013 to February 2014). Samples of Objective: To monitor microbes, focusing on drug resistance, on the hands of the personnel of four departments of a tertiary hospital (ICU, neonatal unit, internal medicine ward and surgical ward) and explore diff erences between departments, professions and genders. Materials and methods: Hand sampling from 125 healthcare employees was conducted followed by isolation, identifi cation and antibiotic resistance profi ling of diff erent microbial species. Results: Staphylococcus spp was the most prevalent microbe (76/125, 60.8%), followed by diff erent Gram-negative pathogens (45.6%). ICU employees had a signifi cant probability to have Gram-negative contamination [OR 3.627 animate sources (hands) were collected on a monthly basis, from the employees in four different hospital departments, namely the Intensive Care Unit (ICU), the neonatal unit, the internal medicine ward, and the surgical ward.
Briefl y, the procedure was the following: on a monthly basis, members of the research group made unannounced visits to the abovementioned departments, recruiting the personnel on shift to participate, by providing hand samples during their daily routine duties and without having previously their hands washed.
Sample collection was performed according to the following protocol: a sterile bag (Stomacher 400 Classic; Seward) containing 500 mL of brain-heart infusion broth was used in which the recruited individuals immersed and rubbed their hands for about 60 seconds. The sampling fl uid was collected in a sterilized container and microbiological analyses were conducted according to standard procedures.
MICROBIOLOGICAL METHODS AND CHARACTERIZATION OF ANTIBIOTIC SUSCEPTIBILITY
Nutrient agar (Oxoid), MacConkey agar (Merck), Slanetz & Bartley Medium (Oxoid), and BairdParker agar (Merck) were used for the isolation and enumeration of: i) total aerobic counts, ii) Gram-negative microorganisms, iii) Enterococci and iv) Staphylococci, respectively. Pure cultures were prepared on blood or MacConkey agar and identifi cation to the species level, as well as antibiotic sensitivity analysis, were performed by a VITEK-2 automated system (Biomérieux). Characterization of bacterial isolates as multidrug-resistant (MDR), or extensively drug-resistant (XDR) was carried out according to standardized international terminology proposed by the joint initiative of the European Centre for Disease Prevention and Control (ECDC) and the Centers for Disease Control and Prevention (CDC). 4 STATISTICAL ANALYSIS According to the assessment of normality of distribution by the Kolmogorov -Smirnov test, nonparametric statistics were applied. Chi-squared test was used for assessing differences in proportions and Kruskal-Wallis analysis was used for comparisons across different sample groups. Binary logistic regression analysis was applied in order to detect factors that might predict the presence of a particular microbial isolate. More specifi cally, gender (females used as reference), profession (nurses used as reference) and department (neonatal unit used as reference), were entered in this regression model and were evaluated as potential predictive factors for the presence of pathogens. The level of signifi cance was set at p value <0.05. All statistical analyses were conducted with IBM SPSS v. 17.0.
The study protocol received approval by the Institutional Ethics Committee.
RESULTS
During the course of the study, 125 healthcare employees, 81 nurses (64.8%) and 44 medical doctors (35.2%) were examined, as described in the Material and methods. Table 1 displays the departments they were working, as well as the gender distribution by department and profession.
Staphylococcus spp. was the most prevalent isolate (76/125, 60.8%) with median value: 194 CFU (IQR 41-1000 CFU). Twelve Staphylococcus aureus strains were isolated in the study sample (12/125 = 9.6%), while Enterococcus sp was identifi ed in 28 employees (22.4%), median value 14 CFU (IQR 3-61 CFU).
In 57 hand samples (45.6%), Gram-negative microbes were also isolated, most of them referred to Acinetobacter baumanni (n=29) and Klebsiella pneumoniae (n=21), with median value 18 CFU (IQR 4-110 CFU). The rest of the Gram-negative microorganisms which were isolated, included Escherichia coli, Pseudomonas aeruginosa, Pseudomonas stutzeri, Pseudomonas luteola, Pseudomonas putida, Enterobacter cloacae, Pantoea agglomerans, Moraxella spp., and Aeromonas salmonicida.
Logistic regression was applied in order to identify factors predicting the isolation of strains on the hands of the personnel. As it was found, the odds were signifi cantly higher for employees working in ICU to have an identifi able strain (either Grampositive or -negative) [ In a signifi cant number of participants (32 out of 57, 56.1%) with Gram-negative isolates, at least one multi-drug resistant (MDR) or extensively drug resistant (XDR) strain was isolated. Of note is that in 4 samples (7%) two different MDR strains were simultaneously identifi ed. MDR strains referred to Acinetobacteer baumanii (n=8) and Klebsiella pneumoniae (n=5), while the XDR strains referred to Acinetobacter baumanii (n=19). More specifically, in 17 employees (29.8%) at least one XDR strain was identifi ed while two employees had two different XDR strains.
Regarding resistance of Gram-positive bacteria, only in 2 out of the 12 positive for Staphylococcus aureus hand samples, resistance to methicillin was found (Methicillin Resistant Staphylococcus Aureus -MRSA), resulting in a prevalence of 2/125 = 1.6%. Interestingly, a statistically signifi cant difference in the prevalence of XDR Gram-negative microbes was found between medical and nursing personnel. More specifi cally, XDR strains were detected only in 2.3% of medical doctors, while this percentage was signifi cantly higher (22.2%) among nurses (chi-squared 6.076, p=0.014). 
DISCUSSION
The present study monitors different microbial species in the hand samples of healthcare workers of four different departments in a tertiary hospital, assessing at the same time their drug resistance characteristics. As it was demonstrated, working in the ICU was associated with a higher risk for hand contamination in general, as well as with a higher risk for Gram-negative pathogens. On the contrary, Gram-positive infection was associated with working in the internal medicine ward followed by working in the surgical ward. Additionally, Staphylococcus spp infection was associated with male gender and medical profession, while the amount of drug resistant Gram-negative bacteria, both MDR or XDR, was higher in samples of nursing staff. A recent study conducted in USA reported a 6.2% prevalence of MRSA hand samples of 209 healthcare workers, 5 certainly a higher percentage than that found in our study. On the other hand, a study on 50 healthcare workers in Malaysia reported a prevalence of 6% of Staphylococcus aureus contamination, however it did not identify any MRSA strain. 6 The rest of the fl ora isolated in this study, did not differ signifi cantly in comparison to our study sample. A previously conducted study in Ethiopia reported a signifi cant difference in Staphylococcus aureus contamination between nurses and medical doctors (13.6% vs. 2.3%, respectively, p=0.044) and a 6.2% MRSA hand carriage in total. 7 Regarding prevalence of MDR Gram-negative pathogens this was 15.8%, signifi cantly higher than that reported by O'Fallon et al. among healthcare workers in USA (7.7%). 8 In an old study conducted in a European hospital Staphylococcus aureus (10.5%) and Gramnegative bacilli (14.5%) were isolated, although the predominant fl ora was normal skin fl ora i.e. coagulase-negative staphylococci, Corynebacterium spp, and Micrococcus spp. 9 Previous studies have highlighted the importance of hand hygiene in restricting transmission of infections in healthcare settings. [10] [11] [12] Indeed, implementation of strategies aiming at improving hand sanitation, such as hand washing, use of disinfectants and use of gloves was proved to be successful in reducing nosocomial infections. 13 The major strength of the present study is that different microbial species colonizing the hands of healthcare professionals were documented for the fi rst time in this country, with emphasis placed on drug resistance. Moreover, different professions and settings within the same hospital environment were also examined so as to detect possible predictive factors for specifi c microbial contamination and to design strategies with special targets.
In summary, personnel working in the ICUs and Internal Medicine wards are more prone to hand contamination, with Staphylococcus infection being more prevalent among medical professionals. Unfortunately, multi-drug and especially XDR pathogens are also prevalent, and they are mostly associated with the nursing profession. This could be explained by more frequent contact with patients, and other unaccounted for factors. Special actions should be therefore undertaken aiming at specifi c professional groups and settings taking into consideration the different levels of compliance for hand hygiene practices. 17 
